There are many historic buildings belongs to many civilizations in the Ahlat province. The fact that these structures survive for a very long time is directly related to the construction techniques of these structures. Emir Bayındır Bridge is one of the buildings that could stay solid. With this study, it is aimed to investigate the behavior of the bridge under earthquake effect. First of all, general information is given about the bridge. In this study, structural analyzes were carried out for the Ahlat Emir Bayındır Bridge after on-site inspections. Information about the damage that occurred over time in the bridge is given in this study. Observation based structural analysis form has been created for the bridge. A finite element model of the bridge was created with the help of on-site measurements. Analyzes were made for the created finite element model in different load cases. The obtained results were interpreted and recommendations were made.
Introduction
Historical monuments are priceless cultural assets that link the past with the future. At the same time, historical structures are also an indicator of society's engineering accumulations, artistic understandings and economic situations. The Van Lake basin has been home to many civilizations such as the Seljuk and Ottoman civilizations in the historical process. Historical buildings and cultural values left behind by many civilizations in the basin have been carried to today. There are many historic buildings were built in ancient times in the basin, which are restored and still being used. The Ahlat district is one of the centers that hosted many civilizations in this basin. .
There are many different historical buildings belong to different civilizations in Ahlat. Historical buildings are one of the essential elements of cultural heritage. Protection of such structures and transferring them to future generations is one of the important problems of today. The operations to be done with such structures are directly related to many different disciplines. Studies of such structures have an important place, nowadays. (Işık et al., 2017; Işık et al., 2016a; Işık et al 2016b; Karaşin and Işık, 2016) .
The standing of historical buildings for centuries is directly related to the construction technologies of them and material properties used in the construction. In this context, the structural analysis of such structures is an important engineering activity. Structural analysis software are widely used in structural analysis, today. The finite element method is used while the analysis and calculations carrying out for the historical buildings. The first step of using this method is the numerical modeling of the historical structure. Numerical modeling can be named as the transformation of the properties of a structure into mathematical expressions.
In this study, Emir Bayındır Bridge has been taken into consideration which is located in Ahlat and has a significant place in its time. General information about the historical bridge is presented in first part of the study. The model of the bridge was created by on-site inspection and measurements. The second part contains the detailed remarks about the causes and consequences of the damages on the bridge. Observation based structural analysis form created for the bridge was filled. Repetitively filling of this form on different dates over time will add a special importance to the traceability of historical structures. Formed stresses are obtained by applying different load cases to the bridge which created by finite elements method. Hereby, it is aimed to have knowledge about earthquake behavior of such structures.
Method
Seismic researches on historical structures have an important place in order to transfer the historical heritage to the next generations, nowadays. There are many studies in the literature about this topic Erdil et al., 2018; Hadzima-Nyarko et al., 2016; Backer et al., 2018; Uğurlu et al., 2017; Özbek et al., 2017; Preciado et al., 2015 : Işık et al., 2018 Mutlu and Şahin, 2016) . In all of these studies, seismic behaviors of different structures in different regions have been tried to be determined. For this study, firstly the detailed information about Emir Bayındır Bridge will be presented.
Emir Bayındır Bridge
The bridge located in the district of Harabeşehir is built on the stream which separates the neighborhood. The stream is called Taht-ı Süleyman / Harabeşehir / Keş stream by local names. It is located to the west of Bayındır Mosque and the dome. It reflects the civil architectural characteristics of the Akkoyunlu people who dominated the region in the 15th century. The bridge, which belongs to the Akkoyunlu period, is in the foreground with stairs made to allow the passage of caravans and pedestals at that time although it is small. The name of the bridge was come from Emir Bayındır, who built the bridge. It is built of cut stone entirely. It is a saple of Single-eyed bridge. The bridge was repaired in 1954. The eastern side of the bridge is in the arched section and it is built lateraled to the side without a straight line. (Islam encyclopedia, 2017; Beygu, 1932; Tabak, 1972; Çulpan, 1975; Culture Portal, 2017) .
The railings on the side of the bridge were constructed gradually according to the bridge slab. There are eight steps, 4 on downstairs and 4 on upstairs, on the bridge slab in total. Stairs are used in entrance and exit of the bridge. The bridge was built from Ahlat Stone, which is unique to the city of Ahlat. This is a beautiful example of pointed arched bridges. Since the bridge is narrow and stepped, it is used only by the pedestrians today (Figure 1 ).
Observation based structural analysis will be done to give information about the current state of historical structures before proceeding with detailed structural analysis. The purpose of observation-based structural analysis is to provide information about the damage and deformations that occur in the structure as well as revealing the current state of the structure. For this purpose, all historical structures mentioned in previous chapters have been inspected on site. Damage to the buildings and the causes of these damages have been tried to be explained. Ahlat stone was used in the construction of the bridge. (Bakış et al., 2014) . Today, the structure is used for transportation purposes and it is closed to vehicle traffic because it is narrow and stepped. The distribution of the structural system elements is uniform. The bridge was damaged due to treasure searching and street writing of the people of the region. Depending on the time, various damage has occurred due to other environmental factors such as wear and tear. Ahlat stone, which is belongs to the group of natural stones, was used on the walls, covering and slab of this structure. It has get through the Van earthquake without any damage in 2011. It is known that there is not too much wear and tear besides, heat differences and frost affecting humid environments causes fragmentations and fractures due to the soft spongy nature of the Ahlat stone. Moisture-induced deterioration has observed on the areas of the stone contacting with water. It would be beneficial to make the necessary water isolation in the natural soil connection joints of the structure base. Freezingthawing, which is environmentally effective especially in cold periods, is one of the most important factors in the deterioration of the building materials on the site. These problems are partially observed on the bridge. Lichen formations which formed due to dry climate and high carbon content, are attract attention. Lichen formations can have negative effects on the appearance and properties of natural building stones over time. One of the most important factor negatively effects on historical buildings is water. Water, alone or in combination with other environmental factors, negatively affects the mechanical properties of building stones and accelerates deterioration. However, low water flow rate keeps the water damage on the bridge at very low levels. Generally, there are scours on bridge legs. There is a separation between the stones at one or two points of the bridge. Some of the bridge railing top stones is completely missing, and some of them have fracture damage. There are moisture induced traces on the bridge. Mass losses and color changes are exists on the front surface of the belt part of the bridge due to the effects of wear. Lichen occurrences are seen in different parts of bridge. On the other hand, joint losses have occurred in some parts. Observationally determined structural analysis form of the Emir Bayındır Bridge is shown in Table 1 . The images of damage and deformations are shown in Figure 2 . The total length of this bridge is 45 meters, the main body length is 16.10 meters, the span width is 9.20 meters and the height of bridge is 6 meters. The structural analysis based design of the bridge, which is considered in the study, is shown in Figure 3 .
Seismic analysis of inspected bridge in this study was carried out in SAP2000 software. The images of the finite element model obtained in the software are shown in Figure 4 .
Finite element (FE) models provide cost effective solutions compared to the experimental alternative, but true success of FE techniques heavily depends on the constitutive models for the material and appropriate discretization of the continuum. Masonry is anisotropic due to the presence of discrete sets of horizontal and vertical mortar joints and possess orthotropic strength and softening characteristics, which depend not only on the properties of masonry constituent materials but also on their interaction reflecting the workmanship (Dhanasekar and Haider, 2008) . The numerical modelling of masonry structures through the FEM is a very computationally demanding task because of two different aspects: on the one hand the typological characteristics of masonry buildings do not allow us to refer to simplified static schemes, on the other hand the mechanical properties of the material lead to a widely nonlinear behaviour whose prediction can be very tricky (Giordano et al., 2002; Nikoo et al., 2017) One of the characteristics of the Ahlat stone which used in bridge construction is the color change over time. Although the structure is exposed to a few natural disasters, there is no damage caused by these disasters on the bridge Material properties of building components have been taken from the results of previously studies in literature and recommended values for masonry structures in Turkish Earthquake Code (TEC, 2007) . Modulus of elasticity and unit weight assumptions have been made under that Ahlat Stone that used in masonry structures with mortar was considered as a single material. Properties of materials were given in Table 2 . Two different load cases have been applied on the prepared desing model, taking into account the forces caused by the ground movements defined by the dead loads and the earthquake spectrum. The spectrum has been applied in two directions, as EQx and EQy. The spectrum curve that used for dynamic analysis of grave stone was given in Figure 5 .
The sign conformance and direction assumptions of the elements used in the finite element model depending on the assumptions made by the software are shown in Figure 6 . . Sign conformance and direction assumptions (Dabanlı, 2008) As indicated in Figure 6 ; S11: vertical stress in the (X) direction, S22: vertical stress in the (Y) direction, S33: vertical stress in the (z) direction, (S12 = S21): shear stresses in the XY plane.
The designed finite element model is composed of 7556 nodal points and 3924 solid elements. The dynamic features of the bridge have been determined by modal analysis. The first 70 modes that occurred in the structure were considered, when modal analyzes was carried out. Models with mass participation ratios of more than 80% in the X and Y directions are considered in the generated model. Therefore, it was observed that there was no need to take more modes. According to the model's modal analysis results; effective modes, natural vibration periods and mass participation ratios are shown in Table 3 and mode shapes are shown in Figure 7 . The stress diagrams obtained for different load cases for S11 which is the vertical stress values in the X direction are shown in Figure 8 . The stress diagrams obtained for different loading cases for S12 which is the shear stress values in the X-Y direction are shown in Figure 10 .
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The maximum tensile stress values obtained from the analysis results are given in Table 4 . The maximum compressive stress values obtained from the analysis results are given in Table 5 . The maximum shear stress values obtained from the analysis results are given in Table 6 .
It can be observed that according to the different loading conditions considered in the study, the maximum tensile stress is 0.526 MPa, the maximum compressive stress is 0.492 MPa and the maximum shear stress is 0.204 MPa. All of these stresses were obtained from G + 0.3 QEX + QEy load case. Stresses that may occur on the bridge can be carried without any problems. However, calculations can be made on the bridge in future studies in order to different earthquake effects. Damages that may occur on the bridge over time, must be observed and timely intervened and by this way, bridge should be transferred to the next generation.
Results
In this study, a comprehensive study was carried out to determine the earthquake behavior of Ahlat Emir Bayindir Bridge located in Ahlat district. The model of the finite element was developed by using the solid elements of the constructed bridge. S11, S22 and S12 stresses were calculated for the generated finite element model. Also the mode shapes and period values of the bridge are obtained.
The necessary information was given about Ahlat Emir. Observation based structural analysis form has been filled as result of on-site inspections. Information about the damage that occurred over time on the bridge is given.
In time, the mass losses, wear and tears have occurred in the component stones of the bridge under natural conditions. In addition, lichen formations on these stones have also damaged the stones over time. Moisture influences have occurred on some stones place to place due to water effects. Authorities are continuing to work on fixing these occurred damages and protecting the stones from damage in the future.
Despite the natural events and negative conditions since many years, standing of the bridge enables to produce very accurate ideas in terms of the stability of these structures. This shows that historic buildings constructed by good engineering services.
